Formation of tubular structures from an epithelial tissue is a process common to many morphogenetic events during organogenesis. We report here new data concerning the expression pattern of the vHNF1/HNF1b gene during this process in the mouse. vHNF1 (variant Hepatocyte Nuclear Factor 1) is a member of the HNF1 homeoprotein family. Its expression domain includes organs such as the liver, the kidney, the lung and the pancreas, but is restricted to the epithelial cells of these organs. To follow vHNF1 expression during organogenesis, we have introduced a NLS-lacZ gene under the control of vHNF1 regulatory regions by homologous recombination. Detection of the bgalactosidase activity in heterozygous mice demonstrates that this gene is expressed in numerous tubular epitheliums as soon as they appear and all along development. q
Results and discussion
vHNF1 is a homeoprotein of the divergent HNF1/vHNF1 family. In the present work, we have studied vHNF1 expression during embryonic development and in the adult mouse by examining the expression of a NLS-lacZ gene introduced at the vHNF1 locus . Previous studies of vHNF1 expression had been limited to in situ hybridization (De Simone et al., 1991; Cereghini et al., 1992; Lazzaro et al., 1992) . X-gal staining provides the means to characterize vHNF1/lacZ expression at the cellular level.
After the implantation, vHNF1 is speci®cally expressed in the extra-embryonic part of the visceral endoderm (Cereghini et al., 1992; Cof®nier et al., 1999) . In the embryo, vHNF1 expression starts at the beginning of gut formation and is detected in this epithelium as early as the 2-somite stage (Fig. 1A) . The anterior boundary of this staining correlates to the position of the hepatic and pancreatic primordia (Fig. 1A) . Concomitantly, it is expressed in the neural tube . Around day 12 of development (noted E12), the X-gal staining is restricted to the developing gall bladder and pancreatic buds (Fig. 1B±E) . The biliary ducts, that are developing inside the liver from E14±15, are strongly stained, forming a dense network around the blood vessels (Fig. 1C) . Later on and up to the adult stage, the vHNF1/lacZ expression is predominantly detected in the biliary system. However, a sub-population of hepatocytes, located at the periphery of the hepatic lobules, is also positive for the X-gal staining (Fig. 1D ). During pancreas formation, the staining is ®rst observed in both the dorsal and the ventral buds. As the buds grow and fuse, vHNF1 expression is progressively restricted to the exocrine ducts where it is maintained up to the adult stage (Fig. 1E±H ). In addition, a weaker staining is observed in the Langerhans islets (Fig. 1G) .
The lungs of E16 embryos present already a clear differentiation of the future alveoli and bronchial system. From that stage, cells of both bronchi and bronchioles exhibited the strongest signal (Fig. 1I±L) . However, we could also observe a weaker staining of some pneumocytes of the alveolar wall (Fig. 1K,L) .
The kidney is the major site for vHNF1 expression in the adult. The gene is expressed in this organ from the ®rst stages of its formation. Indeed, vHNF1/lacZ expression was observed from E10 in the epithelium of the developing mesonephros ( Fig. 2A) . One day later, the uteric bud merges at the basis of the mesonephros. It will give rise to the de®nitive kidney, or metanephros, through the induction of the condensation of the surrounding mesenchyme and its differentiation into tubular epithelium. During this whole set of morphogenetic events, vHNF1 is strongly and speci®cally expressed in the epithelial compartment of the metanephros and in the ureter (Fig. 2B±E) . In the adult, the kidney tubules are expressing vHNF1 mainly in the cortical part; the vessels and vascular part of the glomeruli are completely devoid of staining (Fig. 2F) After E12, the mesonephros develops into the Wolf®an duct whereas the Mu Èllerian duct appears (Fig. 2B±D) . Both ducts are stained with X-gal as well as their derivatives that compose the genital tracts (Fig. 2G±M) . Once again, only epithelial tissues of the male genital organs express vHNF1 such as the vas deferens, the epididymis tubules and the prostate (Fig. 2I±K) . In the female, the inner epithelial layer of both the oviduct and the uterus is also strongly stained (Fig. 2L,M) .
During the organogenesis of both endodermal and mesodermal derivatives, vHNF1 expression is speci®cally restricted to epithelial cells of either a columnar or a cuboidal type that are organized in tubular structures. We propose that vHNF1 is a good marker for these particular epitheliums. Also, the vHNF1/lacZ strain of mice at the heterozygous state could be used as an interesting tool to visualize the mesenchyme-to-epithelium transition common to many organogenetic processes.
Materials and methods
Embryos and organs were ®xed for 15 min in 4% paraformaldehyde. Wholemount X-gal staining was performed over-night as described in Cof®nier et al. (1999) . Thick sections (50 mm) were prepared using a vibratome on 4% paraformaldehyde-perfused organ; X-gal staining was performed overnight after PBS washes. Thin sections (15 mm) were from stained tissues embedded in Historesin (Leica) and were counterstained with safranine. 
